The use of a washed-cell system to study the factors controlling the synthesis of alkaline phosphatase and neomycin by Streptomyces fradiae has shown that calcium and magnesium salts are stimulatory, with maximal synthesis of both achieved with a combination of these salts. Among all the carbon sources studied, only arabinose induces alkaline phosphatase synthesis, whereas glucose and other carbon sources inhibit the synthesis of the enzyme. Asparagine is a very good inducer of enzyme and neomycin synthesis, with lysine and alanine having lower stimulatory effects. The appearance of alkaline phosphatase is due to de novo protein synthesis as demonstrated by the inhibition of its synthesis in the presence of chloramphenicol. There is a good correlation between the synthesis of alkaline phosphatase and neomycin biosynthesis.
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The production of phosphoamido neomycins along with neomycin by Streptomyces fradiae under certain culture conditions was first observed by Majumdar and Majumdar (6) . The enzyme alkaline phosphatase, which converts the phosphorylated compounds to free neomycins, is synthesized late in fermentation (7) . Repressible alkaline phosphatases have been reported to occur in a variety of microorganisms including Escherichia coli (1, 2, 12), Staphylococcus aureus (11) , Bacillus subtilis (9), and Neurospora crassa (10).
Majumdar and Majumdar (7) have shown that there is a direct relationship between alkaline phosphatase and neomycin formation in different fermentation media. The effect of glucose and mineral salts in controlling the synthesis of neomycin by washed mycelia was also demonstrated by Majumdar and Majumdar (8) , but there is no report of a study of the factors controlling the synthesis of alkaline phosphatase during neomycin biosynthesis. To simplify the studies on the regulation of biosynthesis by washed mycelia, a simple mineral salt medium has been developed. Inamine et al. (3) have reported on the important role played by metal ions, carbon and nitrogen sources on the regulation of a-D-mannosidase, an enzyme involved in streptomycin biosynthesis. This paper describes the effect of carbon and nitrogen sources, minerals and antibiotics on the synthesis of alkaline phosphatase, and neomycin by washed mycelia of S. fradiae.
MATERIALS AND METHODS
Culture and culture conditions. The neomycinproducing culture of S. fradiae 3535 (13) was maintained on a potato-yeast extract-agar slant at 28 C, and was subcultured at monthly intervals. A wellsporulated slant culture (7 days old) was washed with 5 ml of sterile water, and 0.25 ml was used to inoculate 100-ml Erlenmeyer flasks containing 30 ml of growth medium. The medium contained in grams per liter: maltose, 15.0; sodium nitrate, 5.1 (0.084% N); K,HPO4, 1.0; MgSO4.7H,O, 0.5; CaCl2.2H20, 0.04; FeSO4-7H20, 0.005; and ZnSO4-7H20, 0.0005 (final pH after sterilization, 7.5 + 0.1). The carbon source and phosphate was sterilized separately and added just prior to inoculation. After a night of stationary growth, the flasks were placed on a rotary shaker (250 rpm, eccentricity of 0.7 cm). The incubation temperature was 28 C.
Preparation of washed mycelia. After 60 h of shaking, the mycelia were separated by filtration, washed with water, and prepared by the method described by Majumdar and Majumdar (8) .
Determination of neomycin potency. The culture filtrate and neomycin B base used as standard were diluted with 0.1 M potassium phosphate buffer, pH 8 dase. The present study shows the requirements for calcium and magnesium ions for the synthesis of alkaline phosphatase and neomycin. The basal mineral salt induction medium selected for subsequent study contained calcium and magnesium salts only.
Effect ofcarbon sources. The carbon sources were studied at concentrations of 0.1 and 1.0% in the basal medium. All the carbon sources tested at a higher concentration (1.0%) are inhibitory to both alkaline phosphatase and neomycin synthesis, and only arabinose at 0.1% is stimulatory ( Table 2 ). The decrease of phosphatase activity and neomycin in the presence of various carbon sources suggests catabolite repression of enzyme formation, and hence inhibition of neomycin biosynthesis.
Effect of nitrogen sources. The effect of nitrogen sources was studied at a concentration of 0.1%. Among all the nitrogen sources studied, only asparagine was found to show a maximal stimulatory effect on alkaline phosphatase synthesis and neomycin production (Table 3) . Alanine and lysine were also found to be moderate stimulators, but glucosamine, NH4NO, , and NH4Cl are to some extent inhibitory to the synthesis of both enzyme and neomycin. Aspar- tic acid was found to repress alkaline phosphatase completely, and thereby stop neomycin production. Effect of antibiotics. The curves in Fig. 1, 2 , and 3 describe the time course of neomycin and alkaline phosphatase biosynthesis and that of chloramphenicol, penicillin G, and cycloserine when added at various times. The inhibition of neomycin and alkaline phosphatase biosynthesis in the presence of chloramphenicol is indicated in the data shown in Fig. 1 and 2 . The 'Medium was the same as that described in Table   2 . 'Expressed as in Table 1 . appearance of alkaline phosphatase in the mineral salt medium is due to de novo protein synthesis and not to the activation of an enzyme precursor. There is a 6-h lag in the synthesis of both the enzyme and the antibiotic. When chloramphenicol is added, no further synthesis of the enzyme occurs, nor is there significant subsequent production of neomycin. Any syn- 5, 1974 on November 11, 2017 by guest http://aac.asm.org/ thesis of the antibiotic that occurs after chloramphenicol addition proceeds with the enzyme already formed prior to addition of the antibiotic. Thus, there is a good correlation between the degree of inhibition of alkaline phosphatase synthesis and neomycin formation. Penicillin G and cycloserine have no significant effect on the synthesis of enzyme and neomycin (Fig. 3) . The effect of penicillin G and chloramphenicol on enzyme synthesis was similar to that observed by Inamine et al. (3) in synthesis of mannosidase.
